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Abstract 
Several initiatives have been launched to increase sustainability in building industry. All of them contain a shift in focus from 
energy consumption to a wide variety of indicators for the full life cycle. This implies a broader view, not only based on the 
ecological, but on the economic and social performance of buildings as well. A closer look on internationally acting Green 
Building Labels reveals that acoustic performance and noise protection is seen as an important part of the social sustainability 
aspects of a building. Thus, the approach of how to consider the acoustic performance and impact on rating results vary heavily. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction
The significant contribution of the building sector to global energy and resource flows, as described for example
by [1, 2, 3] has been use as a main argument for political, regulative and voluntary action to decrease their 
environmental impacts and increase their sustainable performance alike. 
Nowadays holistic approaches include, beside energy use and Greenhouse gas emissions, aspects of economic 
and social sustainability. According to the general definition of sustainability ecological, economic and social 
aspects and consequences – also called the “three columns of sustainability” (figure 1) – are taken into account to 
analyse and assess buildings. This is already pictured in relevant voluntary, horizontal standards for the assessment, 
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developed by CEN/TC 350 “Sustainability of construction works” since 2005 according the European Commission’s 
mandate with all aspects of sustainability included.  
A different strategy with the same goal of achieving transformation to a more sustainable building sector can be 
seen in Green Building Labels (GBLs), assessment and rating schemes which can be characterized according to 
Sinha et al. [4] as integrated building practices that aim to significantly reduce the environmental footprint of a 
building in comparison to standard practices. 
Fig. 1. Three columns of sustainability with respective aspects for analysis (Own drawing, based on EN 16309) 
2. Methodology
Sustainability assessment of buildings is related to a variety of different issues. One of them is the acoustic
performance of the analysed structure, the surroundings and service equipment. The aim of this paper is to analyse 
how acoustic performance is assessed in different GBLs and relevant standards. The focus of investigation was on 
labels from German speaking countries and labels with significance beyond the borders of their country of origin. 
The objective was to figure out, if sound protection is seen as an important issue of sustainability, which acoustic 
characteristics are considered and which methodological approaches are used for rating. Analysis is based on the 
GBLs web pages and publications on criteria, assessment and credits. To find out the impact of acoustic properties 
on GBL’s rating results, the different assessment schemes had to be investigated. Finally, interrelation between 
acoustic performance of building components and the environmental impact of building materials, calculated 
according to life cycle assessment (LCA) methods, was studied. LCA is based on calculations using Ecosoft v5.0 
software [5] with baubook database and own data from ECO2/ecotimber research project [6]. They cover production 
phase from cradle to gate (A1 to A3) according EN 15978 [7]. 
3. Standardisation of acoustic performance as sustainability criteria
Though noise is a subjective phenomena and strongly related to the individual perception, surveys, carried out in
different European countries and summarised by Lang in [8] show annoying acoustic situations for a significant 
amount of inhabitants. Figures from the European Commission indicate that more than 100 Million people are 
exposed to annoying sound levels with different resulting effects like hearing impairment, hypertension, heart 
 Franz Dolezal and Christina Spitzbart-Glasl /  Energy Procedia  78 ( 2015 )  1629 – 1634 1631
disease, annoyance, and sleep disturbance. Considering the importance of this topic for health and wellbeing, noise 
protection became an important indicator for social sustainability aspects of buildings. 
The respective standard, EN 16309 “Sustainability of construction works - Assessment of social performance of 
buildings - Calculation methodology”, does not give benchmarks. Instead it provides information about what and 
how to assess by suggesting related standards for calculation, measuring and single number rating for the assessment 
of acoustic characteristics. A closer look at this standard shows that so called “Acoustic characteristics” are a 
subchapter in “Health and Comfort” in the “Methods for assessment of social performance” section (figure 1). 
There, they are one out of several social aspects like indoor air quality and thermal characteristics that are related to 
building physics. However, the section also contains qualitatively assessed aspects like visual comfort and spatial 
characteristics. 
3.1. EN 16309:2014 Chapter 7.4.4 Acoustic characteristics 
According to EN 16309, acoustic characteristics are defined by airborne and impact sound insulation of 
separating walls and floors, the sound insulation of the external envelope, the noise level including service 
equipment noise, and the reverberation time. Further it is mentioned that different types of use and airborne as well 
as impact sounds shall be taken into account. An additional note states that acoustic quality of a building can be 
determined by calculation using EN 12354 series of standards or through measurements in laboratories or in situ. It 
is indicated that the acoustic performance of the building varies heavily with the quality of workmanship and the 
actual situation encountered and that laboratory measurements depend on testing accuracy. 
3.2. EN 16309:2014 Chapter 7.5.2 Noise 
Further acoustic related aspects can be found in the chapter “Impacts on the neighbourhood” in the subchapter 
called “Noise” (figure 1). It is aimed at noise emissions from the building and a resulting disturbance of the 
neighbourhood. As the relevant descriptor the emitted sound pressure level in dB(A) is suggested. In case the 
assessment is based on a design, sound insulation and sound barriers should be examined for their potential to 
contribute to control of noise emitted from the building. 
4. Green Building Labels
Green Building Labels (GBLs) are voluntary, third party certification schemes which assess sustainability of
buildings with numerous indicators for ecologic, economic and social performance. They have the aim to assess how 
well a building or a building project meets a specified set of sustainability aspects by developing a certification 
system. Each of these aspects is addressed by various indicators and benchmarks. These certification schemes can be 
seen as instruments to assess sustainability with a significant intrinsic marketing potential. Mainly high-class 
buildings and lighthouse projects are certified for promotional purposes since certification is a complex process 
causing additional costs. Each system takes the trinity of sustainability into account, but not all of them are already 
in compliance with the European standards developed by CEN TC 350. The reason for this is that GBLs already 
existed before related standards were finished or even before European Commission gave mandate to CEN/TC 350 
[4] in 2004 to elaborate these kinds of standards. However, the process to adopt these standards by at least the
European labels seems to be on the way. Labels chosen for analysis are shown in table 2.
4.1. General characteristics of Green Building Labels 
The international network of World Green Building Councils (WGBC) indicates at the time of investigation 100 
members from Argentina to Zimbabwe [9], mainly national councils. Green building rating systems are constantly 
evolving and differ from country to country, but fundamental principles persist from which the diverse methods are 
derived: location, structure design efficiency, energy efficiency, water efficiency, materials efficiency, indoor 
environmental quality, operations and maintenance optimization, reduction of waste and toxic substances and cost 
efficiency. The aim of each label is the optimization of as many of these principles as possible.  
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In the last few years a shift away from qualitative approaches, towards a scientifically informed, quantitative 
evaluation of performance through LCA can be determined. Though LCA, a technique to assess environmental 
impacts, is widely recognized as the best way to evaluate environmental impacts, it is not yet part of all green 
building labels. Nevertheless, at least European schemes already use LCA and provide their users with the required 
databases, although exhaustive lists of building materials and constructions are still under development. Apart from 
databases, calculation tools are made available as well. This shall make sure that data and methods are consistent in 
order to get comparable results from diverse assessors and buildings. Since different building types require different 
methods and aspects to consider, each GBL offers systems for several building categories. 
Table 1. Selection of European and international Green Building Labels analysed. (Sources: [3, 10, 11, 12, 13, 14, 15]) 
BREEAM DGNB HQE LEED MINERGIE ECO TQB 
Full title Building Research 
Establishment’s 
Environmental 
Assessment Method 
Deutsches 
Gütesiegel 
Nachhaltiges 
Bauen 
Haute Qualité 
Environne-
mentale 
Leadership in 
Energy & 
Environmental 
Design 
- Total Quality 
Building 
Country of 
origin 
UK Germany France USA Switzerland Austria 
Established in 1990 2007 1996 1998 2006 2009 
Responsible 
organisation / 
company 
Building Research 
Establishment 
(BRE) – former 
state-run but since 
1972 private 
consultancy 
Deutsche 
Gesellschaft für 
Nachhaltiges 
Bauen - 
association 
Association 
HQE – 
association 
U. S. Green 
Building 
Council – 
non-profit 
organisation 
MINERGIE – 
public association 
Österreichische 
Gesellschaft 
für 
Nachhaltiges 
Bauen - 
association 
Number of 
buildings 
certified 
7330 since 2008 
(January 2015) 
691 (January 
2015) 
Not available 35.202 (January 
2015) 
1113 (January 
2015) 
99 (March 
2014) 
4.2. Impact of acoustic performance on Green Building assessment results 
A critical review with focus on acoustic indicators leads to the conclusion that acoustic aspects influence results 
of GBLs quite differently (figure 2). Usually indicators follow roughly already standardised descriptors. It is obvious 
that benchmarks correspond to general noise protection levels in the particular country of origin of the GBL. Some 
internationally oriented systems allow application of regional requirements. 
5. Sound insulation and LCA - acoustic quality and environmental impact of building elements
Improved sound insulation is reflected directly in rating results, but it also has impact on the ecological quality of
a building. Measures lead to an increased amount of material with related environmental impacts. A case study on 
typical walls illustrates the relation between environmental impact and acoustic performance. Starting with cross 
laminated timber board (CLT, 1), an improvement of Rw can be reached by mounting a flexible shell filled with 
mineral wool (2). In a further step (3), the shell is separated completely from the CLT element. In another variation 
(4), insulation in the cavity is replaced by cellulose fibre, a recycling product. In addition (5), a concrete wall with 
flexible shell is analysed to show different results for mineral structures. The LCA calculations reveal the 
interconnection between acoustic performance and environmental impact of the different measures (figure 3).  
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Fig. 2. Average and maximum possible impact of acoustic aspects on results of GBLs for new buildings: 
Rating schemes for residential buildings (RB, SRB = small residential buildings, LRB = large residential 
buildings) and non-residential buildings (NRB, OB = office buildings), * = not mandatory. (Sources: [16, 17, 
18, 19, 20, 21, 22, 23, 24, 25]) 
The results of this brief case study show that a higher amount of layers in the structure usually improves acoustic 
performance, but increases the environmental impact. However, simple measures such as an air gap without any 
ecological impact can lead to higher sound insulations. Furthermore, results indicate that use of appropriate and 
possibly renewable materials with smaller environmental impact such as cellulose insulation may improve credits for 
ecological sustainability. 
6. Conclusions
Sustainability in the construction sector is no longer reduced to low energy demand during use phase of a building
but includes a variety of indicators covering the whole life cycle. Moreover the definition of sustainability is 
extended from ecology to further aspects of economic and social sustainability. All these aspects are already covered 
by a set of voluntary, horizontal standards where acoustic quality of a building is seen as an important issue, 
summarised under social building performance.  
GBLs are voluntary, usually private, certification schemes for sustainability of buildings. They do not fulfil 
mentioned standards. Nevertheless, each of them has its unique approach to building acoustics, usually strongly 
related to the national regulations of the country of their origin. More ambitious certification schemes, usually 
implemented in countries with advanced building acoustic standards, go beyond established standards.  
The given example in this survey shows that efforts for higher acoustic quality of building components can have 
impact on the ecological performance of the whole building and counterbalance advantages already gained in the 
rating. Therefore, measures to improve sound insulation of a component always have to be considered 
comprehensively. Opportunities for solid wood walls have been shown in the paper, but in general, application of 
renewable materials with comparable properties can be seen as the easiest method to decrease ecological impact. 
Harmonisation of GBLs cannot be expected in the medium term since this would lead to the loss of their unique 
selling point. However, standards will be adopted by at least the European labels step by step. Acoustic aspects and 
benchmarks won’t be harmonised as long as there are no common standards for building acoustic quality in Europe. 
This leads to the interesting situation, that an assessed building can be forced to fulfil the acoustic requirements of a 
label which are more demanding than the national ones. Considering this, GBLs seem to provoke some kind of 
movement and, in the best case, knowledge transfer about better sound insulation and noise protection in buildings. 
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 Fig. 3. Environmental impact and acoustic performance of walls with different measures to improve sound 
insulation, calculated for production (before use) phases A1-A3 according to EN 15978 [9] and converted 
into an index with wall 1 (CLT only) as base value (1,00). GWP Process: global warming potential; AP: 
acidification potential; EP: eutrophication potential; POCP: photochemical ozone creation potential; PE nr: 
primary energy non-renewable; PE r: primary energy renewable ; Rw: sound reduction index. 
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